The article comprises synthesis of calyx[4]-oxa-crown, and calix[4]-thia-crown compounds containing nitrile groups (3a, 3b) and amino groups (4a, 4b) and their corresponding oxime derivatives (5a, 5b) and liquid-liquid extraction studies of these compounds. The oxime derivatives of compounds (5a, 5b) have been synthesized by reacting of di-n-butylamino derivatives of calix[4]-oxa-crown, and calix[4]-thia-crown compounds (4a, 4b) with amphi-chloroglyoxime in methanol-THF. Their cation and anion transfer studies were performed by using liquid-liquid extraction procedure. It has been concluded from the observations that the compound 3a shows a good extraction behavior toward Na + ion in the presence of other metal cations. Whereas, its oxime derivatives transfers all of the metal cations used in the liquid-liquid extraction studies.
Introduction
With the development of technology, environmental pollution has become an important problem today. In order to solve this problem, supramolecular chemistry develops new synthetic methods and separation techniques [1] [2] [3] [4] .
In recent years, a number of studies have been carried out on the synthesis of new macrocyclic ligands that can be complex with toxic metals and anions, which play an important role in environmental contamination [5] [6] [7] . Previous studies on supramolecular chemistry have focused on two-dimensional Compounds 1, 2a and 2b were synthesized according to the procedures described in the literature [32] [33] . The other compounds 3a-5b employed in this work as illustrated in Scheme 1, have been synthesized as described below: Scheme 1. Synthesis of compound 5a-5b. 
Liquid-Liquid Extraction Procedures
Picrate extraction experiments were performed following Pedersen's procedure
[34] A 10 mL of 2.5 × 10 −5 M aqueous picrate and 10 mL of 1 × 10 −3 M solution of (2a, 3a, 4a, 5a, 2b, 3b, 4b, and 5b) in CH 2 Cl 2 were vigorously agitated in a stoppered glass tube with a mechanical shaker for 2 min. The two-phase systems were then magnetically stirred in a thermostated water-bath at 25˚C for 1 h, and finally left standing for an additional 30 min. The concentration of picrate ion remaining in the aqueous phase was then determined spectrophotometrically.
Blank experiments showed that no picrate extraction occurred in the absence of calixarene.
The alkali picrates were prepared as described elsewhere [35] by stepwise ad- The percent extraction (E%) has been calculated as:
where C 0 and C are the initial and final concentrations of the metal picrate before and after the extraction, respectively.
Result and Discussion
The properties of calixarenes have been increased in the host-quest chemistry.
Because these compounds transport cations, anions and neutral quests selectively. This selectivity is enhanced by functionalizing these compounds with some functional groups. Especially the selectivity is shown when the calix-crown compounds are used. As we know, oxime compounds are complex with metal cations. In this study, our aim is to enhance this present selectivity, so we have joined oxime groups with the calixcrown skeleton. To achieve the desired goal,
we have synthesized p-tert-butylcalix [4] arene 1 as well as compounds 2a and 2b
as indicated in Scheme 1 according to the previously published procedures [32] , [33] . The compounds 3a and 3b were synthesized by refluxing 2a or 2b with 4-chlorobutyronitrile in the presence of K 2 CO 3 /NaI in dry acetonitrile. After purification by reprecipitation from a methanol/CH 2 Cl 2 , they were obtained in 44%
and 54% yield, respectively. IR spectra showed a nitrile band at 2248 and 2225 cm −1 for 3a and 3b respectively. The 1 H NMR spectrum of the compounds 3a
and 3b have a typical AB pattern for the methylene bridge protons (ArCH 2 Ar) of the calixarene moiety at 3.37 and 4.28 ppm (J = 13 Hz), 3.27 and 4.17 (J = 13 Hz), for 3a and 3b respectively, indicating that both of the compounds exist in G. U. Akkuş, S. Aslan International Journal of Organic Chemistry cone conformation. Synthesis of the compounds 4a and 4b were fulfilled in 66% and 64% yield respectively by the reduction of nitrile groups of 3a and 3b with LiAlH 4 in dry THF. Completion of this reaction was followed by the IR spectroscopy indicating the disappearance of the band due to the nitrile groups at 2248 and 2225 cm −1 for 3a and 3b respectively and the appearance of a new band at 3400 and 3412 cm −1 for the primary amine groups. The oxime derivatives of calix-crown (5a and 5b) bearing butyl amine on the lower rim were synthesized by mixing compound 4a and 4b amphi-monochloro glyoxime in the presence of KOH in MeOH-THF then recrystallization from MeOH-CHCl 3 in 49%, 52% respectively. The IR spectra of compound 5a and 5b shows a C=N-bands at 1650 cm −1 , 1656 cm −1 , respectively.
1 H NMR spectroscopy is a versatile tool for the identification of calix [4] arene conformation [33] . But from the 1 H NMR spectrum of the compounds 5a and 5b, it is impossible to discern the conformation of calixarene moieties, because the area of Ar-CH 2 -Ar protons are covered by the protons of CH=N.
Extraction Studies
In our previous work, we stated that oxacrown ethers are regarded as hard ionophores, on the other hand, thiacrown ethers soft ionophores [33] . Therefore, calix-oxacrowns are used alkali metal cations, on the other hand, calix-thiacrown used transition metal cations. The compounds 3a-5a were employed for transferring alkali metal cations, such as Na + , K + and Cs + , whereas the compounds 3b-4b for transition metal cations such as Hg 2+ , Cu 2+ , Cd 2+ , Co 2+ and Ni 2+ . The results are summarized by graphic explanation in Figure 1 and Figure 2 . These data were obtained by using dichloromethane solutions of the ligands to extract metal picrates from aqueous solution. The equilibrium concentration of picrate in aqueous phase was then determined spectrophotometrically.
From the extraction data shown in Figure 1 , it was observed that calix [4] arene-oxacrown-4 2a shows selectivity toward Na + metal ions from alkali metals. It has been thought that this high selectivity of 2a for Na + against K + is due to the appropriate size of 2a, which have a cavity size adjusted to that between Li + and Na + . It is in agreement with our previously reported study [33] [36] and by literature [37] . Nevertheless dibutyronitrile derivative of this compound (3a) was selective for Cs + ion as well as Na + ion. In this case, π-bounds which are present in the structure of nitrile groups play an important role. Because π-bounds are regarded as soft donors according to the HSAB principle [38] , and they favor complexation with the more polarizable metal ions which have larger atomic radius such a Cs + ion. As far as its oxime derivative (5a), it extracted all of the three metals to the organic phase from the aqueous phase without any selectivity. It is explained by the cation-π interactions, since the metal ion was bound between the two opposite C=O or C=N ligating moieties of these compounds. Similar results were obtained by Vicens and co-workers [39] who had studied various schiff base derivatives of calix [4] arene.
It is seen from the extractions results that the composition of p-tert-butylcalix [4] (tia) crown-4 (2b) carries more Hg 2+ cation than the others (Figure 2 ). This is an expected result because it carries a soft atom such as sulfur, so it is normal to be interested in a soft metal such as Hg 2+ . It is not correct by these compounds to only explain the transport of transition metals by the radius of the cation. This is because although the radius of the Hg 2+ cation is very close to Cd 2+ , the extraction rates are very different (Hg 2+ 75.4%, Cd 2+ < 1.0 %). This is in agreement with the literature [40] . It is also seen that the selectivity of Hg 2+ for the nitrile derivative 3b of this compound is still high, while the compound 4b extracts all of the metals used more or less without any selectivity. The oxime derivative, however, extracts all the metals used from the aqueous phase to the organic phase in a good way.
